Human papillomavirus (HPV) is an important emerging etiology for head and neck cancers (HNCs) worldwide. Considering its impact on prognosis, it is important to understand the true prevalence of HPV-associated HNCs in India. This article reviews the prevalence of HPV-related HNCs across various studies in India where the population is predominantly tobacco users, and studies its outcomes with respect to HPV.
Introduction
Head neck cancers (HNCs) are one of the most common cancers in India. Recently, emphasis has been laid on the role of the human papillomavirus (HPV) in the causation of HNCs. The International Agency of Cancer Research (IARC) concluded that there is sufficient evidence for a causal role of HPV 16 in the pathogenesis of oropharyngeal cancers and a smaller subset of oral cancers [1] . Oropharyngeal cancers are five times more likely to be caused by HPV as compared to oral, laryngeal, and other pharyngeal cancers [2] . Worldwide, there seems to be an epidemic of HPV-positive HNC, especially HPV-related oropharyngeal cancer. Chaturvedi et al. [3] reported an increase in the incidence of HPV-positive oropharyngeal cancer by 225% as compared to 50% decline in the incidence of HPV-negative oropharyngeal carcinoma between 1988 and 2004 in the USA. Mehanna et al. [4] have also reported a significant increase in HPV-positive oropharyngeal cancers from 40.5% before 2000 to 72.2% between 2005 and 2009, for an overall prevalence of 47.7%. But this Bepidemicd oes not clearly reflect the situation in India and other Asian countries. Chaturvedi et al. [3] did not find a similar increase in oropharyngeal cancer irrespective of HPV status in Asian countries including India. The true incidence of HPV cancers in India is not reported and it needs further research [4] .
This review article makes an attempt to collate the data across Indian studies, looking specifically at the prevalence of HPV in HNCs and its impact in a predominantly tobaccouser population as well as outcomes with respect to HPV.
Understanding HPV Carcinogenesis
HPV is a DNA virus that infects the basal epithelial cells causing benign and malignant lesions of the mucosa of the upper aero-digestive tract. There are multiple strains of HPV, among which 40 are known to cause infections of the mucosa, and 9 strains have carcinogenic potential [5] .The most common strains related to head and neck cancers are HPV 16 and 18. Most of the HPV infections go unnoticed; however, when there is an infection with a specific carcinogenic strain, the probability of cancer increases at the harbored site. HPV DNA virus comprise of late and early genes. They encode early proteins E1-E7 and late proteins L1-L2. The proteins E1-E5 are involved in transcription and replication, while E6 and E7 are involved in host cell transformation to the cancer cell. Late proteins are involved in capsid formation for the virion. E6 mainly targets p53, Bak, and Myc proteins which regulate apoptosis. In normal cells, during the period of stress, p53 undergoes post-transcriptional modification and gets detached from MDM2. After detachment, p53 causes cell cycle arrest and repairs DNA. If repair is possible, the cell cycle regains stability and restarts. However, when repair is not possible, the cell undergoes apoptosis to remove the damaged cells. The binding of E6 with p53 results in its ubiquitination. This blocks apoptosis and results in the uncontrolled division of the cells. E7 binds to Rb-E2Fcomplex, making Rb inactive. This leads to an increased DNA synthesis and cell proliferation. p16 is mainly inhibited by Rb-E2F complex, and disruption of this complex by E7 causes an increase in the level of p16. Thus, p16 is considered a surrogate marker of HPV carcinogenesis.
The Prevalence of HPV Cancers in India
The prevalence of HPV across various studies from India is given in Table 1 . Due to the variable sample sizes, publication bias, different techniques of HPV detection, and reporting methods, there is a large variation in the published prevalence of HPV-related HNCs in India ranging from 7 to 78.7% [25, 26] . Moreover, this data is inconclusive in defining a definite time trend for any change in incidence unlike the Western literature. Most of the publications come from the North or Northeastern regions of the country, followed by the East and a few reports from the Southern parts of the country. Although most of the global data on HPV-associated HNCs is reported for oropharyngeal cancers, most of the Indian studies report on the prevalence of HPV in oral cavity cancers.
HPV and Oral Cavity Cancers
Yete et al. observed 50 studies all around the world and reported the average prevalence of HPV-positive oral cancer as 24.4%. However, the prevalence in India was 36.6% [30] which is slightly higher than the global prevalence. A majority of the HPV-positive oral cancer patients were from Asia (33.77%) followed by America (19.65%), and Europe (16.19%) , with the lowest prevalence in Australia (6.84%). It is important to note that maximum publications for HPVrelated oral cancers came from India, i.e., 16 studies, whereas there are only two publications from the USA. If we look at individual Indian studies, Elango et al. [31] and Ramshankar et al. [20] reported a prevalence of 48% and 51.2%, respectively, in oral tongue cancers. We also reviewed the geographic distribution of HPV in India. Balaram et al. [6] reported a high prevalence of 73.6% in the South, while prevalence in the North and Northeast ranged from 7 to 29% [23, 26] . D'Costa et al. [7] reported 15% prevalence in the western region while it was 33.6% in the Eastern region [9] . The only study from Central India by Gheit et al. reported 27.5% prevalence [13] . Majority of HPV-positive cancers harbored HPV 16 more than HPV 18. Interestingly, though Elango et al. [31] detected HPV 16 in 48% by the PCR assay, the p16 IHC, which is commonly used as a surrogate marker, was detected in only 33% (n = 18) of the cases. HPV polymerase chain reaction (PCR) positive can be present due to infection and might not be truly responsible for carcinogenesis. It is also important to note that 15% of the cases with p16 overexpression were negative for HPV infection by PCR, suggesting that other causes like non-HPV 16 infections or the activation of alternate pathways might be responsible for the increase in protein expression.
Oropharynx and Larynx
Even though the literature on HPV-positive laryngeal and oropharyngeal cancers in India is limited, the only study that selectively included oropharyngeal cancer patients was pub- reported a similar prevalence of 20% and 15% respectively. However, the more recent studies have shown higher prevalence rate of 78.7% [25] . Another study which selectively included laryngeal cancer patients by Jacob et al. found HPV prevalence of 34.1% [8] . As per Indian literature, the prevalence of HPV in laryngeal and hypopharyngeal cancer ranges from 5 to 20% [22, 27, 32] .
Impact of Tobacco Usage in Patients with HPV-Related Head and Neck Cancers
Tobacco is an important known causative factor for head and neck cancers. It is known that use of tobacco decreases survival and treatment response in HPV-positive HNC patients. The risk of progression/mortality and second primary with oral squamous cell carcinoma (OSCC) increases by 1% and 1.5%, respectively, for each year of tobacco use after adjustment for HPV tumor status and other significant factors. It is important to note that if the patients smoke during radiation treatment, there is a two-times higher risk of mortality [33] . We reviewed various studies in Indian literature and found that the use of tobacco/alcohol in patients with HPV-related HNCs varied from 3.23 to 85.2% (Table 1 ). The mean prevalence of chewing tobacco, smoking tobacco, chewing and smoking tobacco, and alcohol use was 53.34%, 47.54%, 47.05%, and 31.48% respectively in patients with HPV-related HNC. The distribution of tobacco use in HPV-positive Indian cancer patients across various studies is given in Table 1 . Murthy et al. analyzed the impact of tobacco on HPV-related cancers in Indian population. They found no difference in survival between p16-positive and p16-negative HNCs. However, when the analysis was done including only tobacco non-users, there was a definite improvement in overall survival and cause-specific survival which reached close to statistical significance (p = 0.08). It is clearly seen that the favorable prognosis associated with HPV cancer is tempered with the use of tobacco. Kumar et al. [22] have shown that that tobacco chewing and alcohol consumption may act as risk factors for HPV infection in HNCs for a population in the Northeast region of India. Nicotine modifying antigenmediated signaling pathways leading to alterations in immune functions might be the reason for increased chances of viral infection in tobacco users. Herrero et al. [34] found that there is an additive effect of smoking and HPV E6/E7 seropositivity. When compared with never smokers who were negative for HPV16 E6 and E7, smokers who were negative for HPV16 E6 and E7 (OR = 11.2, 95% CI = 5.9 to 21.4), never smokers who were positive for HPV16 E6 or E7 (OR = 64.5, 95% CI = 18.3 to 226.7), and smokers who were positive for HPV16 E6 or E7 (OR = 56.2, 95% CI = 22.5 to 140.4) had an increased risk for cancer of the oropharynx. Thus, tobacco use increases the chances of HPV infection and it has an additive effect on carcinogenesis.
HPV Detection
Presence of HPV in HNCs has prognostic implications and treatment strategies may change in view of HPV positivity. Hence, it is important to accurately determine HPV as the etiologic agent in HNCs. To achieve this, a biopsy sample or cytology from the primary or the enlarged nodes often plays a significant role in the initial diagnosis. One of the widely used methods to detect HPV in tumor tissue is PCR or reverse transcriptase-PCR (RT-PCR) which could detect E6/E7 in fresh frozen tissue; however, it comes with a high set-up cost and turnaround time. Until recently, there was no consensus regarding the testing of HPV in tumor specimens. According to the recent AJCC eighth edition guidelines, the technique of choice should be immunohistochemistry (IHC) detection of overexpression of tumor suppressor protein p16, as a surrogate marker. Specifically, the cutoff point for p16 overexpression is diffuse (≥ 75%) tumor expression, with at least moderate (+ 2/3) staining intensity [35] . It has the advantage of universal availability and a straightforward interpretation, but false negatives confer a big challenge. Another highly specific method used is in situ hybridization (ISH) which can detect HPV in fresh tumor tissue and can detect integrated or episomal state, but it requires high viral loads and is technically challenging. Other methods such as Hybrid Capture II (HC-2) analysis, Cervista HPV HR test, Roche Cobas HPV test, and APTIMA HPV assay have been suggested but are not universally integrated.
Clinical Presentation of HPV-Positive HNCs
The clinical features of HPV-positive HNCs are distinctly different from those of HPV-negative HNCs. HPV-positive cancers present at a more advanced clinical stage with lower tumor size and aggressive nodal involvement compared to HPV-negative cancers. HPV-positive cancers are characterized by distinct histological features having moderate/poor tumor differentiation and non-keratinizing or basaloid pathology [36] [37] [38] . While reviewing the Indian literature on HPVassociated HNC, the distribution of T stage, N stage, and grade of differentiation was noted as shown in Table 2 . We found that most of the patients had T3/T4 disease which is in contrast to the western literature. As far as N stage is concerned, complete details regarding nodal status was not available. We found that 37.1% were node negative and 62.88% were node positive. It was also seen that most of the tumors were well differentiated (51.38%) followed by moderate differentiation (39.21%) and few tumors had poor differentiation (33.97%). Thus, in contrast to the western literature, the clinical characteristics of Indian patients are different. This may be due to the higher usage of tobacco products in Indian patients as compared to western countries. There are multiple prospective and retrospective studies showing improved survival outcomes in HPV-positive oropharyngeal cancer as compared to HPVnegative oropharyngeal cancer with 38-80% reductions in the risk of mortality. As per Indian literature, Murthy et al. [27] found no survival difference between p16+ve and p16-ve HNC patients. This is again because of associated tobacco use which modifies the prognosis in HPV-positive HNC.
American Joint Committee on Cancer Eighth Edition
Considering the increasing prevalence of HPV in oropharyngeal cancer and its impact on survival, the seventh edition lost its ability to differentiate between stages. O′ Sullivan et al. [39] included 1907 patients with p16 in situ hybridization-positive oropharyngeal cancer from seven cancer centers and proposed a new ICON-S staging system for these patients. Haughey et al. [40] assembled data of 704 surgically managed p16-positive oropharyngeal cancer cohort (any T, any N, M0) from five cancer centers. He found that pathology-confirmed metastatic node count (4 versus 5) yielded three groups which had incrementally worse prognosis. These two studies laid the foundation for the changes in the oropharyngeal staging system (Fig. 1) . As compared to previous version, the eighth edition has a separate staging system for HPV-positive and HPV-negative oropharyngeal cancers. The T classification is largely unchanged except for removal of Tis, i.e., carcinoma in situ and combining T4a and T4b oropharyngeal cancers. The N classification can be either pathological or clinical. Clinical staging is based on the laterality and size of nodes while the pathological N classification is based on the number of metastatic nodes in surgically treated patients. It is important to note that extracapsular spread is not considered a prognostic factor in the new classification. There is a drastic change in the overall stage classification where stage IV has been reserved only for metastatic disease.
Quality of Life in HPV-Positive HNCs
Considering the improved prognosis in HPV-related head and neck cancers and longer survival in these patients, it is important to understand the impact of treatment on quality of life (QOL) of patients with HPV-related cancers. Sharma et al. [41] showed that pretreatment QOL was better in patients with HPV-related oral and oropharyngeal cancers. However, there was no difference in QOL post-treatment at 1 year. Thus, they showed a greater decline in QOL from pretreatment phase to immediate post-treatment period. Singh et al. [26] also showed no difference in QOL between patients with HPV-positive or HPV-negative oral cancers, but after 3 months post-treatment nearly all parameters showed the more average percentage change in HPV-positive cases. This rapid decline in QOL may be due to the high intensity of the treatment (a) Replacing cisplatin with cetuximab to reduce the toxicity associated with conventional chemotherapy.
There is a randomized phase III (RTOG 1016) study comparing radiation (RT) + cisplatin vs. RT + cetuximab in stage II-IV HPV-related OPCs. The primary aim is no survival difference in both the groups with acute toxicity in the cetuximab/RT arm will be reduced by at least 50% [43] . (b) Another method of de-intensification of treatment is reducing the dose of radiation to 52-54 Gy. The preliminary result of one of these trials (ECOG 1308) [44] has been recently presented. Eighty stage III/IV HPV-related OPSCC patients (p16 and ISH positive) were enrolled and received induction chemotherapy (cisplatin, cetuximab, and paclitaxel). Only those patients that demonstrated a complete response (78% of the cohort) received de-escalated treatment (54 Gy combined with cetuximab). The de-escalated group demonstrated a 1-year progression-free survival of 91% compared to 87% in the non/partial response group treated with standard treatment. These initials results are particularly promising as only 17% of the de-escalated group developed any post-treatment dysphagia. (c) The third method of de-escalation is the use of minimally invasive surgery like TORS for early cancers (T1, 2 N0). The main advantage of surgery is the short duration of treatment and proper staging of the patients which will define the requirement of adjuvant radiation/concurrent chemo-radiation. There are three trials (PATHOS, ADEPT, and ECOG 3311) currently underway to evaluate the same [45] .
Vaccines: The population-level burden of HPV-positive
HNCs is currently not clear in India and may have important implications for cancer prevention, potentially through HPV vaccination. Currently, the bivalent (HPV 16, 18), Cervarix (GSK) and a quadrivalent vaccine (HPV16, 18, 6, 11) Gardasil (MERCK) are two prophylactic vaccines which are commercially available. Even though there is no level I evidence showing the effectiveness of the vaccine in prevention of oropharyngeal cancers, they appear promising as vaccinated individuals show a high titer of neutralizing HPV 16 antibodies [46] . However, long-term benefits of these vaccines need to be evaluated.
Conclusion
Similar to western world, prevalence of HPV in Indian HNC patient is increasing. The true impact of HPV on survival and its association with tobacco in Indian population needs to be studied thoroughly. HPV-associated HNC is different in the Indian population with an advanced T stage at presentation. The survival outcomes also seem to be poorer as compared to the western world. We need to determine whether these differences are just perceived or actual. The way forward is to have prospective data collated across Indian centers with respect to HPV prevalence, treatments, and survival outcomes, in order to draw meaningful conclusion on the impact of HPV in Indian population.
